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Cloning and expression of D-galactosyl-1-3-N-acetyl-D-hexosamine phosphorylase from
Bifidobacterium longum subsp. infantis ATCC 15697 (BiGalHexNAcP) encoded by
Blon_2174 gene (GenBank Accession number NC_011593)
Bacterial strains, plasmids, and materials Electrocompetent E. coli DH5 cells were purchased from Invitrogen (Carlsbad, CA 
Protein purification
His 6 -tagged target proteins were purified from cell lysate using Ni
2+
-NTA affinity column. To obtain cell lysate, cells were harvested by centrifugation at 4,000 rpm (Sorvall) at 4°C for 3 h.
The cell pellet was resuspended in lysis buffer (pH 8.0, 100 mM Tris-HCl containing 0.1% Triton X-100). Lysozyme (100 g/mL) and DNaseI (5 g/mL) were then added to the cell suspension. The mixture was incubated at 37C for 1 h with vigorous shaking (200 rpm). Cell lysate was obtained by centrifugation at 11,000 rpm (Sorvall) at 4°C for 45 min as the supernatant. Purification is performed by loading the supernatant onto a Ni
-NTA column preequilibrated with 10 column volumes of binding buffer (10 mM imidazole, 0.5 M NaCl, 50 mM Tris-HCl, pH 7.5). The column was wash with 10 column volumes of binding buffer and 10 column volumes of washing buffer (50 mM imidazole, 0.5 M NaCl, 50 mM Tris-HCl, pH 7.5).
Protein of interest was eluted with Tris-HCl (pH 7.5, 50 mM) containing imidazole (200 mM) and NaCl (0.5 M). The fractions containing the purified enzymes were collected and dialyzed against Tris-HCl (pH 8.0, 20 mM) containing 10% glycerol. Dialyzed proteins were stored at 4°C. Typically, 55 mg of BiGalHexNAcP was purified from one liter cell culture. 
Quantification of purified protein
The concentration of purified enzyme was obtained in a 96-well plate using a Bicinchoninic acid (BCA) Protein Assay Kit (Pierce Biotechnology, Rockford, IL) with bovine serum albumin as a protein standard. The absorbance of samples was measured at 562 nm by a BioTek Synergy TM HT Multi-Mode Microplate Reader.
BiGalHexNAcP pH profile by HPLC assays
Typical enzymatic assays were performed in a total volume of 20 L in a buffer (250 mM) with pH varying from 4.0-9.0 containing 10 mM MgCl 2 , 1 mM GlcNAcProNH2AA, 1 mM Gal-1-P, and 0.9 g enzyme in an Eppendorf's tube. Reactions were allowed to proceed for 15 min at 37°C and quenched by the addition of ice-cold 12% acetonitrile (580 L) to make 30-fold dilution. The samples were then kept on ice until analyzed by a Shimadzu LC-2010A HPLC system equipped with a membrane on-line degasser, a temperature control unit and a fluorescence detector. A reverse phase Premier C18 column (250 × 4.6 mm I.D., 5 m particle size, Shimadzu) protected with a C18 guard column cartridge was used. The mobile phase was S5 12% acetonitrile. The fluorescent compound GlcNAcProNH2AA and the product Gal1-3GlcNAcProNH2AA were detected by excitation at 315 nm and emission at 400 nm.
1 All assays were carried out in duplicate.
As shown in Figure 3S , the pH profile of BiGalHexNAcP using GlcNAcProNH2AA as an acceptor indicates an optimal pH range of 5.0 to 6.5. Optimum activity was observed in MES buffer with pH varying from pH 5.5 to 6.0. Very low activity was observed in the pH range of 7.0-9.0. acetate-NaOH, pH 4.0-5.5; MES-KOH, pH 5.5-6.5; Tris-HCl, pH 7.0-9.0.
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General Methods 1 H NMR (300, 400 or 600 MHz) and 13 plates 60 GF 254 (Sorbent technologies) using p-anisaldehyde sugar stain for detection. Gel filtration chromatography was performed using a column (100 cm  2.5 cm) packed with BioGel P-2 Fine resins (Bio-Rad, Hercules, CA). Chemicals were purchased and used without further purification.
Chemical synthesis of GlcNAc and GalNAc derivatives
Synthesis of GalNAc/GlcNAc derivatives as potential acceptors for BiGalHexNAcP
GlcNAc 1 and GalNAc 11 were purchased from Sigma. Compounds 2-10 and 12-20 were synthesized as described previously. To the solution of compound S1 6 (2.5 g, 4.86 mmol) or S2 7 (2.1 g, 4.08 mmol) in THF/HOAc/Ac 2 O (60 mL, 3:2:1) was added a solution of Zn (4 g) in 50 mL of CuSO 4 (2%)
water solution. The mixture was stirred for 1 h. After filtration, the solvent mixture was removed in vacuo and the residue was purified by a flash chromatography using a silica gel column. The obtained the product was dissolved in trifluoroacetic acid (9.5 mL) and H 2 O (0.5 mL). After stirring at room temperature for 1 h, the solvent mixture was removed in vacuo. Toluene was added to the residue and removed in vacuo. The process was repeated two times. The crude 140.80, 127.59, 127.11, 124.91, 119.81, 97.94, 71.05, 68.63, 68.53, 67.78, 66.71, 61.26, 55.69, 49.89, 46.62, 22 .26. 174.51, 157.80, 143.79, 143.47, 140.82, 127.56, 127.02, 124.97, 119.77, 99.01, 76.45, 71.15, 68.70, 67.81, 66.62, 61.34, 59.52, 50.03, 46.75, 22.50, 18 .36. 62, 171.58, 170.09, 166.96, 139.10, 132.55, 129.21, 121.36, 119.05, 114.69, 95.76, 71.11, 70.34, 69.63, 63.08, 60.01, 52.63, 50.22, 34.58, 31.20, 28.89, 27.49, 19 .89.
GalNAc1-O-Thr
Synthesis of GlcNAcProNH2AA
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Enzymatic synthesis of 1-3 linked galactosides General one-pot two-enzyme preparative synthesis of 1-3-linked galactosides. A prospective hexosamine acceptor for BiGalHexNAcP (GalNAc, GlcNAc, or one of their derivatives, 50-100 mg), galactose (1.2 equiv. was used for 3-5 and 13-15; 1.5 equiv. was used for 1-2, 6-7, 10-12, 16, 20, and 41-42) , and ATP (1.2 equiv. was used for 3-5 and 13-15; 1.5 equiv. was used for 1-2, 6-7, 10-12, 16, 20 , and 41-42) were dissolved in water in a 50 mL centrifuge tube containing Tris-HCl buffer (100 mM, pH 6.5) and MgCl 2 (20 mM). After the addition of appropriate amount of GalK (2.0-4.5 mg) and BiGalHexNAcP (1.5-3.0 mg), water was added to bring the volume of the reaction mixture to 10 mL. The reaction was carried out by incubating the solution in an isotherm incubator for 24 h at 37C with agitation at 140 rpm. The 90, 174.64, 103.67, 103.54, 94.82, 91.13, 82.67, 80.21, 75.55, 75.38, 75.33, 72.63, 72.60, 71.31, 70.81, 70.76, 68.79, 68.75, 68.64, 61.11, 60.81, 60.64, 55.70, 52.99, 22.34, 22.08 -3GlcNAcProN 3 , 22) 73, 103.64, 101.04, 82.48, 75.44, 75.38, 72.56, 70.77, 68.81, 68.61, 67.26, 61.13, Supplementary Material (ESI) -3GlcNAcProN 3 , 23) 68, 159.44, 159.36, 159.11, 116.86, 114.94, 103.75, 103.52, 94.22, 90.63, 82.30, 79.82, 75.63, 75.45, 75.38, 72.64, 71.24, 70.72, 70.67, 68.77, 68.70, 68.63, 68.61, 61.10, 61.08, 60.74, 60.60, 56.17, 53.67 . HRMS (ESI) m/z calcd for C 14 H 23 F 3 NO 11 (M+H) 438.1223, found 438.1219. 30, 170.92, 103.70, 103.54, 94.57, 91.05, 82.19, 80.01, 75.62, 75.40, 75.35, 72.68, 72.64, 71.34, 70.79, 70.73, 68.78, 68.73, 68.66, 62.56, 61.16, 61.13, 60.81, 60.64, 55.82, 53.08, 52.14, 51.88 103.58, 103.45, 94.91, 91.20, 82.38, 80.01, 75.59, 75.43, 75.38, 72.67, 72.63, 71.34, 70.93, 70.87, 68.87, 68.83, 68.70, 68.69, 61.17, 61.15, 60.90, 60.74, 55.77, 52.96, 29.51, 29.23, 9.48, 9.40 .
3-Azidopropyl
-D-galactopyranosyl-(1-3)-2-acetamido-2-deoxy--D-glucopyranoside (Gal1
HRMS ( 177. 95, 177.72, 103.48, 103.36, 94.92, 91.18, 82.16, 79.76, 75.57, 75.42, 75.38, 72.66 72.61, 71.30, 70.93, 70.87, 68.86, 68.81, 68.70, 68.68, 61.17, 61.15, 60.88, 60.72, 55.81, 53.03, 49.00, 38.23, 37.85, 19.05, 19.00, 12.98 174.63, 103.62, 103.47, 94.62, 90.95, 82.31, 79.81, 75.36, 75.30, 74.34, 73.99, 72.63, 72.60, 71.60, 70.78, 70.75, 68.84, 68.62, 67.36, 61.09, 61.08, 55.90, 53.20, 22.33, 22.08, 17. 175.52, 172.41, 157.85, 144.99, 140.97, 128.04, 127.49, 125.04, 120.17, 104.75, 98.67, 77.47, 74.86, 72.58, 70.75, 70.60, 69.73, 69.10, 68.61, 66.69, 61.17, 60.93, 48.96, 48.52, 46.87, 22.07 26, 174.75, 155.87, 143.79, 143.47, 140.86, 140.85, 127.76, 127.24, 124.93, 119.96, 104.78, 99.16, 77.77, 77.40, 74.86, 72.58, 70.76, 70.64, 68.78, 68.51, 61.21, 60.99, 60.44, 52.08, 48.65, 46.91, 22.53, 18.40 
